Hydrothermal synthesis has been demonstrated on a laboratory scale to be a potentially superior method for low-cost production of advanced ceramic powders.11 The major difference between hydrothermal processing and the other technologies is that there is no need for high-temperature calcinations. Furthermore, the samples with high crystallinity also can be usually synthesized by hydrothermal method.
In this study, high crystalline strontium-calcium hydroxyapatite solid solutions were prepared under hydrothermal conditions to determine by X-ray powder-pattern fitting which metal site in the HAP structure Sr2+ ions preferentially occupy. The morphological change of the resulting crystals was also investigated.
EXPERIMENTAL PROCEDURE
The solid solutions of Sr-Ca HAP were prepared from two solutions, 0. Model H-800, HITACHI Co., Japan) was also used to observe the morphologies of the samples. In addition, the compositions of the solid solutions were determined using inductively coupled plasma (ICP) spectrometry (SPS7000A, Seiko).
RESULTS AND DISCUSSION Figure 2 shows the XRD patterns of the samples with the different Sr/(Sr+Ca) molar ratio obtained by HTMM and LTMM. All the samples were assigned to pure apatite phase, and the peaks shifted to left with the increase of the Sr/(Sr+Ca) molar ratio due to the incorporation of larger Sr2+ ions into CaHAP. The results preliminarily indicated that the strontium and calcium hydroxyapatite solid solutions were continuous in the whole range of the Sr/(Sr+Ca) molar ratio. The crystallinity of the samples prepared by HTMM was higher than those prepared by LTMM. This result should be explained as follows: when starting solutions are mixed at low temperature, first amorphous calcium phosphate is formed and changed to apatite by dissolution and precipitation. For HTMM, the starting solutions are heated to reaction temperature and then mixed. The reaction rate is higher so that the apatite can be formed directly, not through the amorphous phosphate phase. Figures 3 and 4 show the TEM photographs of the products with different Sr/(Sr+Ca) molar ratios obtained by HTMM and LTMM, respectively. The Sr-Ca HAP particles obtained by HTMM consisted of elongated crystals together with plate-like crystals. The homogeneity of the crystals was small in size and shape. The Sr-Ca HAP crystals obtained by LTMM were also elongated in shape, but the size of the particles was much smaller than those obtained by HTMM. The change of the crystallinity was agreement with the result of XRD.
The compositions of Sr-Ca HAP were determined by ICP. The (Ca+Sr)/P molar ratio of the solid solutions did not change appreciably with the change of the Sr/(Sr+Ca) molar ratios, and its average value of the samples obtained by HTMM and LTMM was 1.69 and 1.70, respectively. 
Hydrothermal Synthesis and Ciystallographic Study of Ca-Sr Hydroxyapatite Solid Solutions
The lattice constants a and c of the apatite phases obtained by HTMM and LTMM were plotted in Figure 5 against Sr/(Sr+Ca) molar ratio determined by the chemical analysis. The lattice constants of both a and c varied linearly with the compositions. It indicated that strontium and calcium hydroxyapatite formed a continuous series of solid solutions. Both calcium and strontium hydroxyapatite belong to the apatite structure, and both metal ions have similar ionic radius. Thus the continuous solid solutions are easily formed. The replacement of calcium by strontium in the apatite structure induces a increase in the lattice constants in agreement with the bigger ionic radius of Sr2+ (1.13 A for 6-coordinate octahedral site) than that of Ca2+ (0.99 A for 6-coordinate octahedral site).
the Ca (II) sites preferentially even though the ionic radius of cadmium is smaller than that of calcium. The difference in ionic radius (0.99 A for Ca2+ and 0.97 A for Cd2+ in 6-coordinate octahedral site) is too small to form large explanation. A possible explanation for the preferential occupancy Cd2+ in the Ca (II) sites can be offered on the basis of elelctronegativities of the cations. Rajagopal et al.19 showed that an increase in the electronegativity of the counter ion leads to an increase in the covalent character of the bond between the cation and the carboxyl group in metal arachidates. The electronegativity of cadmium (1.7) is much bigger than that of calcium (1.0) so that Cd2+ ions display a greater tendency to increase the covalent interactions and directional bonding with hydroxyl group which Figure 6 shows the results of the Sr2+ occupancy in metal ion sites. It was found that Sr2+ ions preferentially occupied Ca (II) sites in the solid solutions with a high Sr/(Sr+Ca) molar ratio. The preparation methods did not have a large effect on the metal ion occupancy. Many researchers 14-17 have investigated the occupancy of metal ions in the apatite structure, and show that the bigger ions preferentially occupy the Ca (II) sites since in the Ca (II) sites the arrangement of the staggered equilateral triangles allows the optimization of the packing of large ions, in contrast to the Ca (I) sites where the strict alignment in the columns causes a stronger repulsion. The results of this work agree with those as mentioned above.
However, in the our former work in the Ca-Cd system 18, Cd ions have a slight tendency to occupy locates at the channel surrounded by Ca2+ ions in the Ca (II) sites. In other word, the Cd2+ ions with bigger electronegativity are easier to occupy Ca (II)sites than Ca 2+ ions. The electronegativity of the Sr2+ ion (1.0) is the same as that of Ca2+ ion (1.0), and the difference of the electronegativity has no influence on the preferential occupancy of Sr2+ ions in Ca (II) sites of the solid solutions. Therefore, it is concluded that Sr2+ ions preferentially occupied Ca (II) sites in the solid solutions due to its bigger ionic radius and same electronegativity as Ca2+ ions. A continuous series of solid solutions in the system of Sr-Ca HAP was successfully synthesized by both solutions obtained by HTMM were larger than those obtained by LTMM. The lattice constants of the solid solutions varied linearly with the strontium concentrations in the solid solutions. It was found that Sr2+ ions preferentially occupied Ca (II) sites in the solid solutions, independent of the preparation methods.
CONCLUSIONS

